Objective: To validate a physical activity questionnaire for adolescents (PAQA) adapted from the International Physical Activity Questionnaire (IPAQ). Design: Energy expenditure was measured during a 14-day period with doubly labelled water (DLW). PAQA was administered as an interview at the end of the period, asking for physical activity in school, during transportation and leisure-time, during a habitual week. Energy expenditure (EE PAQA ) was calculated as the product of total physical activity þ sleep and predicted resting metabolic rate, and was compared to energy expenditure from DLW (EE DLW ), thermic effect of feeding excluded. Setting: Participants were recruited from grade 9 in a compulsory school in Göteborg, Sweden. All data were collected at school, and distribution of DLW and measuring of resting metabolic rate were performed at Sahlgrenska University Hospital. Subjects: A total of 33 adolescents (16 girls, 17 boys) 15.7 (0.4) y performed all measurements. Results: For the whole group, PAQA underestimated energy expenditure by 3.8 (1.7) MJ (Po0.001). There was a strong correlation (r ¼ 0.62, Po0.001) between EE PAQA and EE DLW , but not for boys (r ¼ 0.42, P ¼ 0.090) and girls (r ¼ 0.33, P ¼ 0.22) separately. Conclusions: PAQA is not able to predict energy expenditure in Swedish adolescents, largely explained by the amount of unreported time. The ability to rank adolescents energy expenditure is questioned because of the gender effect, although we found a strong correlation for the whole group. Sponsorship: Ingabritt and Arne Lundberg Foundation.
Introduction
Obesity is increasing worldwide and in the more affluent countries it is now common even in children and adolescents (Joint WHO/FAO Expert Consultation on Diet, Nutrition and Prevention of Chronic Disease, 2003) . Childhood obesity is associated with risk factors for development of cardiovascular disease in adulthood and is a consequence of an imbalance between energy intake and energy expenditure. The principal target for modifying energy expenditure is physical activity. Current evidence of the importance of physical inactivity in the development of obesity in children is convincing (Moore et al, 2003) , but the lack of a standardized method to assess physical activity (Booth, 2000) halts the progression of the knowledge to fight this epidemic.
The International Physical Activity Questionnaire (IPAQ) was developed in response to a need for an international standardized method to be used in population surveys, in studies on the health consequences of physical inactivity, as well as in studies on the determinants of participation in physical activity and in intervention evaluations. The questionnaire addresses moderate-to-high physical activity and sitting activities during work, transportation and leisuretime in 18-55-y-old men and women. The extensive reliability and validity testing conducted in 2000 in 18-55-y-old men and women suggests that IPAQ is an acceptable method to be used in different settings and languages, and that it is suitable for national populationbased prevalence studies of physical activity (Craig et al, 2003) . Still, there is no internationally accepted method to measure physical activity in children or in adolescents.
At the Unit for Preventive Nutrition (Department of Medical Nutrition, Karolinska Institute, Sweden) and the Department of Physical Education and Health (Ö rebro University, Sweden), IPAQ has been adapted to be used in adolescents, the Physical Activity Questionnaire for Adolescents (PAQA). However, there is no published study evaluating its validity. When validating a subjective method like IPAQ, it is important to do it against a criterion method (Sirard & Pate, 2001 ). The doubly labelled water (DLW) method is considered to be the gold standard for the assessment of the total energy expenditure (Schoeller, 1999) . The aim of the present study was to validate the ability of PAQA to assess energy expenditure against doubly labelled water.
Subjects and methods
Outline of the study A large cross-sectional, school-based study of nutritional status and physical activity habits in adolescents was performed in 2000 in Göteborg, Sweden. In total, 13 schools, comprising 1025 adolescents, were invited to participate. A representative sample was obtained by using a socioeconomic area index (high, medium and low status areas). One of these schools was selected for validation of a diet history (Sjöberg et al, 2003) and two physical activity questionnaires, a novel physical activity questionnaire for adolescents adapted from IPAQ and an extended version of the Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ) (Slinde et al, 2003a) . In the present study, performed during spring of 2002 (March-May), a schoolbased design was used and the selected school represented a medium status area. Distribution of the DLW, performance of the MLTPAQ and the measurements of resting metabolic rate (RMR) were made at the Sahlgrenska University Hospital. Medical examinations, collection of urine samples, interviews and PAQA were performed in the school.
Subjects
In total, 83 15-y-old students (43 boys and 40 girls) performed the diet history questionnaire and were invited to participate in the study. A total of 54 students accepted the invitation, but 17 of them refused to come to the hospital or to take the DLW dose. Of the remaining 37 students, two were excluded because of an incomplete number of urine samples and another two because they did not show habitual physical activity because of illness during the DLW period. The results from a final sample of 33 subjects (17 boys and 16 girls) are presented here. All subjects and their parents gave written informed consent and the Ethics Committee of the Göteborg University approved the study.
Anthropometry
Body weight was measured at the medical examination with the subjects in light clothing without shoes to the nearest 0.1 kg, using a digital weighing equipment (Seca, Germany). Height was measured once with the subject standing bare foot and determined to the nearest 0.5 cm using a horizontal headboard with an attached wall-mounted metric ruler. Body mass index (BMI) was calculated from weight and height. To define overweight and obesity, the references suggested by Cole et al (2000) was used with age-and sexspecific cutoff points defined to pass through BMI 25 and 30 kg/m 2 at age 18 y. RMR RMR was measured by indirect calorimetry (Day 1) using a ventilated-hood system. The equipment used was a DeltatracTM II Metabolic Monitor (Datex, Helsinki, Finland), which was calibrated before each measurement with gas mixtures with known O 2 and CO 2 contents according to the manufacturer's instructions. All subjects were measured after an overnight fast and they arrived early in the morning from their home by car or public transportation. The subjects were instructed to limit their physical activity the evening before the measurement. After 30 min rest in the supine position, while the subjects also performed MLTPAQ in interviewform, RMR was measured for 30 min with the subjects awake in the supine position and in an environmental temperature between 22 and 231C. The RMR for each subject was based on the last 25 min of the measurement (RMR m ). RMR was also predicted (RMR p ) using the equations by Molnar et al (1995) :
The DLW method The DLW was in the present study used for assessing energy expenditure and body composition. The DLW dosage was preceded by a baseline urine sample for determination of background isotope enrichment (Day 1 (IDECG, 1990) .
The PAQA The questionnaire is based on the Swedish version of the long form of the IPAQ and addresses a habitual week instead of the last 7 days. The job-related physical activity was replaced by school-related physical activity and the housework, house maintenance and caring for family section has been excluded. The version of the questionnaire used in the present study consists of three sections, including physical activity in school, during transportation and leisure-time. Each section is further divided into different activity categories (Table 1) . School section: physical education and breaks between lessons with options for different intensity levels, and sitting at lessons. Transportation section: walking and bicycling at least 10 min at a stretch, and going by a motor vehicle. Leisure-time section: activities at least 10 min long at two different intensity levels along with walking at least 10 min at a stretch and sitting activities. In the IPAQ, time spent sitting has its own section but in the PAQA it is included in the school section and leisure-time section, respectively.
The subjects had to estimate the number of occasions per week for each activity category, time spent at each occasion and chose intensity level where it is appropriate. Activity categories and the different intensity levels have been assigned their own MET-value (Table 1) , adapted from preexisting tables (Ainsworth et al, 2000) . A measure of physical activity is then reached by multiplying the time spent for each activity with the corresponding MET-value, that is, MET-minutes (METmin). The PAQA was administered on the last day of the DLW period (Day 15), and a face-to-face interview-form was used. Interview measures appear to be more reliable when used in young people compared to selfadministration (Sallis & Saelens, 2000) . As support for the questions concerning physical activity in school, the subjects' time-schedule was used.
The sum of all moderate-to-very high physical activity from all three sections (METmin MVPA ) was the measure of physical activity in the present study. By adding low intensity activities (METmin low ) and sleep (METmin sleep ), energy expenditure from PAQA (EE PAQA ) was then calculated as EE PAQA ¼ RMR p /min Â (METmin MVPA þ METmin low þ METmin sleep ). Since physical activity questionnaires like PAQA are intended to be used in epidemiological studies, it is more realistic to use predicted RMR over measured RMR. Sleeping-time was assessed during the medical examination and has been assigned a MET value of 0.9 (Ainsworth et al, 2000) . Since energy expenditure from PAQA does not include the thermic effect of feeding (TEF), this was subtracted from the energy expenditure assessed by DLW when creating the criterion measure (EE DLW ). It was assumed that 10% of the total daily energy expenditure was due to TEF (Poehlman, 1989) . The time not included in the calculation of EE PAQA was defined as unreported time (UT). The intensity levels for the reported time of moderate-to-very high physical activity (MVPA) from PAQA (MET MVPA ), and the unreported time (MET UT ) were calculated as
Statistics
As some of the variables, especially the physical activity variables, showed skewed distribution according to the Shapiro-Wilk test (Altman, 1991) , data are presented both as mean (standard deviation) and median (min-max). Although, the mean (s.d.) will be referred to in the text part. Nonparametric analysis methods were used in the absolute (Bland & Altman, 1986 ). In the Bland-Altman technique, the mean of two methods for each subject is plotted against the difference, and is often used together with a measure of association between the means and differences (Spearman's correlation coefficient). When making comparisons between the genders the Mann-Whitney test was used. All statistical calculations were performed by using SPSS for Windows (version 10.0; SPSS Inc., Chicago, IL) and level of statistical significance for all tests was set at Po0.05.
Results
Overall, 17 boys and 16 girls were included in the analysis of the results. The boys were significantly taller and weighed significantly more than the girls, but there was no gender difference in BMI (Table 2) . Three of the boys and three of the girls were defined as being overweight according to the age-and gender-specific BMI standard. None of the subjects was defined as being obese. The results from the DLW analysis showed that the boys had significantly larger amount of FFM and, consequently, a smaller amount of FM. The mean (s.d.) FM (%) was 16.4 (4.7)% for the boys and 27.5 (5.2)% for the girls. Although the boys had slightly higher values for most variables from PAQA, except for MET UT , there was no significant difference between the genders in any of the variables (Table 3 ). The sum of reported time and sleeping time was 16.9 (1.6) h for boys and girls together, leaving approximately 7 h of unreported time. During the unreported time the MET UT was 2.14 (0.93). This could be compared to a MET MVPA of 4.42 (1.02). Together, boys and girls spent 102 (61) min in MVPA, but most of the reported time was low physical activity (LPA), that is, 7.7 (1.4) h. 
Reported time (h/day) 9.0 (1.4) 8.8 (6.8-11.7) 9.7 (1.4) 9.4 (6.8-11.5) Sleeping time (h/day) 7.3 (0.9) 7.2 (5.5-9.0) 7.7 (1.2) 8.0 (4.0-9.0) 
PAQA validated against DLW D Arvidsson et al
The boys had significantly larger RMR than the girls, but when RMR was related to body weight and FFM, this difference disappeared (Table 4) . For boys and girls together, there was a small, but significant, difference between RMR p and RMR m (P ¼ 0.043). The mean (s.d.) difference was À0.2 (0.5) MJ. When analyzed separately, there was a significant difference between RMR p and RMR m in the girls (Po0.001) of 0.4 (0.4) MJ. There was no difference in the boys. The plot displaying the degree of agreement between RMR p and RMR m (Figure 1 ) reveals the slight larger mean difference between RMR p and RMR m for the girls, but also the slightly smaller variation around the mean. For the whole group, there was no correlation between the mean and the difference of RMR p and RMR m (r ¼ 0.13, P ¼ 0.46). A strong correlation (r ¼ 0.85, Po0.001) was seen between RMR p and RMR m for boys and girls together. The same was seen for boys (r ¼ 0.63, P ¼ 0.0068) and girls (r ¼ 0.80, Po0.001) separately.
The boys had significant larger energy expenditure than the girls for both EE PAQA and EE DLW (Table 4 ). The same pattern as for RMR appeared when EE DLW was related to body weight and FFM (Table 4) . For boys and girls together, there was a large significant difference (Po0.001) between EE PAQA and EE DLW of À3.8 (1.7) MJ. For the boys the difference was À3.8 (1.8) MJ and for the girls À3.9 (1.6) MJ, and the difference between the genders was not significant (P ¼ 0.80). When the differences were expressed as percent of EE DLW , the girls had a significant larger difference (P ¼ 0.026) between EE PAQA and EE DLW than the boys, 42.6 (12.7) and 33.0 (13.4)%, respectively. This relative difference showed a strong negative correlation to time reported from PAQA (r ¼ À0.75, Po0.001), and (r ¼ À0.64, P ¼ 0.0058) for boys and (r ¼ À0.80, Po0.001) for girls separately.
The plot displaying the degree of agreement between EE PAQA and EE DLW (Figure 2 ) reveals the larger variation 
Discussion
The main result of this study is the comparison of EE predicted from PAQA þ sleep (EE PAQA ) and measured with DLW (EE DLW ). The large underestimation of energy expenditure by PAQA þ sleep reaching almost 4 MJ, could largely be explained by the amount of unreported time. In addition, the larger the amount of unreported time, the larger the underestimation of energy expenditure. For the whole sample, more than 7 h were left after sleeping time was included. The natural explanation to the large amount of unreported time is that both IPAQ and PAQA were not intended to assess total energy expenditure like DLW. Rather, the purpose is to catch structured moderate-to-high physical activity and sitting activities. The low intensity level during the unreported time could be an indication of activities difficult to report, even with more structured questionnaires, like different home activities or activities you do automatically. In many cases it could also be unstructured activities. The more spontaneous nature of children and adolescents together with different recall errors prevailing in this age group (Welk et al, 2000; Sirard & Pate, 2001) contributes to the difficulties in assessing the physical activity. The gender differences in the percent difference between EE PAQA and EE DLW is partly explained by the smaller amount of reported time seen in the girls. Predicted RMR was used in the calculation of EE from PAQA (EE PAQA ) because it is unrealistic to use measured RMR in large epidemiological studies. The prediction equation by Molnar et al (1995) fitted best and agreed the most with measured RMR (Slinde et al, 2003a) and was used in the present study. There was a small but significant underestimation of RMR from the prediction equation. The lower value of the RMR p is one of the contributing factors to the underestimation of EE seen in Figure 2 . Different patterns were seen for the girls compared to the boys. The significant underestimation of RMR in the girls could be a small but contributing factor to the larger mean percent difference between EE PAQA and EE DLW compared to the boys. The RMR m for both girls and boys are judged to be within the normal range for this age group (Molnar et al, 1995) .
The natural gender differences in size and body composition are largely responsible for the larger RMR and in many cases total energy expenditure (TEE) observed in males compared to females. In the present study boys were taller and had a larger body weight, and hence larger RMR and TEE. When relating EE to body weight and FFM the differences disappeared. In the study by Molnar and Schutz (1997) , they showed that boys have a larger RMR not explained by gender differences in body composition. They also showed that there was a stronger contribution of FM to RMR in girls compared to boys, explained by the higher fat content in girls. Then, in the present study, one would expect a clear gender difference when relating RMR to body weight and that the boys have at least the same level of RMR when relating it to FFM. Two explanations of the deviant result in the present study could be the small sample size or that more girls than boys were defined as having an excess of body fat contributing to a higher RMR (see below). A third explanation concerns the use of ratios to adjust a dependent variable for a covariate (eg adjust RMR for FFM). This adjustment assumes a linear relation between the dependent variable and the covariate and that the intercept is zero (Allison et al, 1995) . This is not often the case in biological relationships (Tanner, 1949) and could result in incorrect conclusions when comparing groups (eg girls vs boys). Analysis of covariance has been suggested as an alternative statistical technique to adjust physiological data (Ravussin & Bogardus, 1989) . When using the ratio between RMR and FFM, women appear to have higher RMR than men, but when using the technique of analysis of covariance women have lower RMR (Poehlman & Toth, 1995) . But as with all regression-based techniques, there are several criteria that have to be met before applying analysis of covariance (Toth et al, 1993) . In the present study, some of these criteria were not met, probably explained by the small sample, and an analysis of covariance could not be performed.
An excessive amount of body fat has been shown to increase the energy spent while performing different kinds of physical activity (Ekelund et al, 2002) and could theoretically contribute to a difference in energy expenditure predicted by a physical activity questionnaire and measured from DLW. In the present study, we defined overweight and obesity by using cutoff points developed by Cole et al (2000) . According to these, only six subjects were defined as being overweighed and none as being obese. BMI reference values for Swedish children and adolescents have been developed based on a longitudinal growth study in Göteborg of 3650 healthy children born in 1973 -1974 (Karlberg et al, 2001 . The values in the present study were only slightly larger than the mean reference values. In all, 10 of the girls were within the reference mean7s.d. and among the boys 12 were within 71s.d. All boys and girls were within mean72s.d. We have captured the physical activity and energy expenditure from a rather lean group of adolescents and therefore excessive body fat could not be an important factor for the result in this study.
We used DLW to assess the body composition of the subjects in the present study. Cutoff points for body fat have not yet been developed for children and adolescents based on DLW data. However, cutoff points for body fat using skinfold thickness measured at four locations (triceps, biceps, subscapular and suprailiac) has been developed (Dwyer & Blizzard, 1996) . Here the authors used biological end points (HDL cholesterol and systolic blood pressure) rather than population distribution to define overweight, that is, identification of the level of body fatness where the coronary heart disease (CHD) risk clearly increases. They identified the level of body fatness as 30% for girls and 20% for boys. Using these cutoffs in the present study generated seven girls and four boys defined as overweight, an increase in number of overweight subjects compared to when using BMI cutoffs. However, these subjects, who also includes the six subjects mentioned above defined as being overweighed, did not show a larger underestimation of energy expenditure from PAQA compared to the leaner ones. But those defined as overweighed is possibly prone to overestimate their physical activity, decreasing the true difference in energy expenditure assessed by the two methods. Although useful in identifying adolescents being in the risk zone of CHD, the cutoffs developed from skinfold thickness should be used with caution when measuring with other methods.
The same sample as in the present study was used to validate an extended version of the Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ) (Slinde et al, 2003a) , including also school work at home, TV, video and computer time, and sleeping time. The amount of reported time was 13.1 (2.5) h, 11.9 (1.5) and 14.2 (2.8) h for girls and boys separately. The energy expenditure calculated from the reported time underestimated EE from DLW (TEEÀ0.10TEE) by 5.8 (1.5) MJ, 6.0 (1.2) and 5.5 (1.8) MJ for girls and boys separately. The almost 4 h difference between PAQA (reported time þ sleeping time) and the extended version of MLTPAQ agree with the time reported from the school section in PAQA and the difference in the amount of underestimation between PAQA and MLTPAQ almost reaches the EE calculated from the school section (not shown in the Results). The strong correlation between EE PAQA and EE DLW suggests that PAQA þ sleep is able to rank individuals. But a closer view of the data reveals that the origin of the correlation is caused by the gender differences in EE. If a correlation really exists, then a larger sample of both boys and girls would be needed to show it. The correlation between the EE from the extended version of the MLTPAQ and EE DLW was 0.69. Altogether, this could mean that PAQA add extra reported time through the school section and hence decrease the underestimation of EE, but not necessarily improve the precision of the individual prediction of EE, that is, the rank order of individuals. The fixed intensity levels in PAQA could be a contributing factor to this, by decreasing the interindividual variation. Perhaps a better approach would be to ask about specific activities in the three sections rather than intensity levels. With support from given examples of activities in the questionnaire, the subject writes down the activity performed, number of occasions per week and the average duration each occasion. Booth et al (2002) used this approach when creating the Adolescent Physical Activity Recall Questionnaire. The subjects were asked to write down organized and nonorganized physical activities during a normal week and each activity was assigned its own MET-value based on the reports of Ainsworth et al (2000) . On the other hand, there is an advantage of keeping PAQA for adolescents in its present form. This questionnaire was intended for international use and there could be large differences between nations or even within nations for the different parts included in the questionnaire. The compulsory school in Sweden is rather uniform with small differences in time schedule between different schools. Therefore, for large international surveys, where data for physical activity and related health variables are to be compared, PAQA could be useful.
In conclusion, the lack of agreement between PAQA and DLW in assessing energy expenditure was mainly explained by the amount of unreported time. However, PAQA was not designed to assess total energy expenditure. Other contributions were the use of predicted RMR and assigning of MET values. Gender differences in the degree of agreement were explained by difference in reported time and precision of the prediction equation for RMR. A strong correlation was seen between the two EEs, establishing the validity of PAQA in ranking Swedish adolescentś EE. However, this could be biased by the gender differences in EE. More validity studies including other methods measuring physical activity and in larger groups are needed to establish the usefulness of PAQA.
